A method has been devised for observing both circadian and noncircadian rhythms in a single wild type strain of Neurospora crassa. This method allows a direct comparison of the properties of the two types of rhythm. The circadian rhythm of conidiation always entrains to a light-dark cycle, damps out in constant light, and has a temperature-compensated period length. The noncircadian rhythm of hyphal branching, expressed by the same strain under different environmental conditions, does not entrain to a light-dark cycle, persists in constant light, and its period length is temperature-dependent. These results suggest that the two rhythms have different underlying mechanisms and demonstrate that the differences in the rhythms previously observed in different strains (patch, band, and clock) are not due to genetic differences between these strains but rather are inherent properties of the rhythms themselves.
The molecular basis of circadian rhythms has remained almost a complete mystery. One reason has been the general inability to perturb or modify circadian clocks with chemicals or inhibitors of known specificity (11) , although more recently inhibitors of macromolecular synthesis (7, 19) , oxidative phosphorylation (3), and membrane transport (2) have been shown in some organisms to interfere with circadian rhythmicity. In contrast to this general lack of flexibility of circadian rhythms, a number of so-called noncircadian rhythms in certain fungi have been much more amenable to chemical manipulation and have exhibited striking effects in response to natural metabolites such as amino acids and sugars (1, 13) and to specific metabolic inhibitors (10) . While these noncircadian rhythms at first do not seem to reflect the same type of adaptive internal timing mechanism as that associated with circadian clocks, nevertheless the periodicity of these noncircadian rhythms does approach 24 hr under many conditions. Therefore, if one could demonstrate a relationship or common factor between the two systems, the noncircadian rhythm might prove a useful tool for analyzing the circadian clock.
Neurospora cra*sa offers a unique approach to this problem, since it exhibits both circadian and noncircadian rhythms. One of the rhythms, periodic production of conidia (asexual spores), is typically circadian and is expressed by the patch and 1 This work supported in part by Research Grant GM-19850 from the National Institute of General Medical Sciences.
band strains (14, 17) . The rhythm has a periodicity close to 24 hr, persists in constant darkness and constant temperature, is entrained by light-dark cycles, and its period length is temperature-compensated. The other rhythm, alternation between monopodial and dichotomous branching of the hyphae, is noncircadian and is expressed by the clock strain (20) . The period length, while frequently close to 24 hr, can be much longer, is not entrained to light-dark cycles, and the Q1. of its period length depends on the medium on which it is grown.
Most of the previous work on Neurospora rhythms has involved the use of these three mutants-patch, band, and clock -each of which exhibits either the circadian rhythm or the noncircadian hyphal branching rhythm. Sargent and Woodward (18) showed that most wild type strains are capable of expressing a circadian conidiation rhythm if the appropriate medium and aeration conditions are used, while Sussman et al. (20) showed that at least certain wild type strains could be induced to express the hyphal branching rhythm by addition of sorbose to the medium. Recently, we reported (8) that by combining and slightly modifying each of these two procedures, we have been able to induce either the hyphal-branching rhythm or the conidiation rhythm in the same strain-i.e., we can phenocopy either the clock mutant (by growth on sorbose) or the band mutant (by aeration without sorbose) in the same strain. This allows us to compare directly the properties of the two types of rhythms in an attempt to find common elements.
MATERIALS AND METHODS
Strains. Wild type strains 65-1A and 65-20a were reisolates from crosses between 74-0R23-1A and 74-OR8-la, which, along with patch a, were obtained from the Fungal Genetics Stock Center, Humboldt State College, Arcata, California. Stock cultures were maintained on slants of Horowitz (12) complete medium at 25 C in constant light and stored on silica gel (4 (Table II) . When the conidiation rhythm of these strains was analyzed, however, it was found that the periodicity of this circadian rhythm was normal (Table II) .
Therefore, two mutations which altered the periodicity of the noncircadian hyphal branching rhythm had no effect on the circadian conidiation rhythm. Neither of the two mutants was a back mutation of patch to wild type, since backcrosses to wild type showed segregation of two genes in each cross. Despite the fact that we can now observe both rhythms in the same strain, the rhythms seem quite unrelated to each other. The conidiation rhythm can always be entrained to light-dark cycles and damps out in constant light, while the hyphal branching rhythm does not, and the conidiation rhythm is temperature compensated while the hyphal-branching rhythm usually is not. Therefore, with respect to these most important parameters of rhythmicity, the two rhythms appear to have little in common.
From these experiments we cannot conclude that the two types of rhythms are totally independent of each other, however; one drawback of our system is that we cannot monitor the two rhythms simultaneously, i.e., the two rhythms require different environmental conditions to be expressed. It may be, for example, that the hyphal-branching rhythm can be coupled to the circadian clock under some conditions but not others.
Rhythmic cell division in Euglena (5) and Tetrahymnena (6) are examples of rhythms which can be circadian under some conditions but not others.
From a practical point of view, however, the use of the hyphal branching rhythm for isolating circadian clock mutants in Neurospora has not proved useful, and we have had to use alternative procedures to succeed along these lines (9) .
One additional conclusion can be drawn from these experiments. Previous analysis of the two rhythms in Neurospora has been done on mutants which express one rhythm or the other, the conidiation rhythm in patch and band and the hyphalbranching rhythm in clock. It was possible, therefore, that the differences in properties of the two rhythms were due to genetic differences between the strains. Our results show that this cannot be the case and that the differences must be due to the inherent properties of the rhythms themselves.
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